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ANNUAL  REPORT  ON  CONTRACT  N0014-88-K-0093 


R  &  T  CODE  442S005 - 01 


PRINCIPAL  INVESTIGATOR:  David  A.  Stahl 
CONTRACTOR :  University  of  Illinois 

CONTRACT  TITLE:  Characterization  of  Biofilm  Microbial  Community  Structure  by 
Ribosomal  RNA  Sequences 


RESEARCH  OBJECTIVE:  Develop  molecular  techniques  for  the  explicit 
identification  and  localization  of  microorganisms  comprising  natural  biofilms 
developed  in  fixed-bed  bioreactors.  To  use  natural  consortia  containing 
sulfate-reducing  and  methanogenic  bacteria  to  evaluate  the  techniques  and  to 
study  the  effects  of  changing  reactor  conditions  (e.g.  sulfate  concentration)  on 
community  composition  and  the  spatial  relationships  among  the  resident 
microorganisms.  Long  term  objectives  include  the  identification  and 
characterization  of  obligate  symbioses  within  fixed  consortia  and  the 
autecological  basis  for  community  function. 


PROGRESS  (Year  2):  During  second  year  of  the  project,  replicate  fixed-bed 
bioreactors  (favoring  either  methanogenesis  or  sulfate  reduction)  were 
established.  Protocols  for  measuring  methane  production  and  sulfate  reduction 
have  been  developed  and  methane  and  sulfate  concentrations  in  the  four 
bioreactor  systems  constantly  monitored  over  the  past  three  month  period.  Based 
on  these  results  the  bioreactor  feed  composition  has  been  adjusted  to  balance 
oligotrophic  conditions  (30  mg  Carbon/L)  with  reproducible  measurements  of 
methane  and  sulfate  concentrations. 

Fixation  and  hybridization  conditions  for  in  situ  hybridization  of  intact  single 
cells  were  established.  Enzyme-conjugated  (horseradish  peroxidase)  and 
fluorescent-dye-conjugated  oligonucleotide  hybridization  probes  were  synthesized 
for  initial  comparative  studies  during  the  first  project  year. 

Most  effort  during  the  first  and  second  years  was  directed  to  the 
characterization  of  fluorescent  dye-conjugated  probes  for  distinguishing  various 
groups,  genera,  species  and  subspecies  of  bacteria.  Probes  synthesized  and 
evaluated  for  specificity  included  1)  genus,  species-  and  subspecies-specific 
probes  for  strains  of  Fibrobacter .  2)  Desulfobacter  genus-specific  probe,  3) 
Desulfosarcina  genus-specific  probe,  4)  archaebacterial  kingdom-specific  probes 
and  5)  eubacterial  kingdom-specific  probes  5)  eukaryote  kingdom-specific  probe 
and  6)  a  general  probe  encompassing  all  characterized  sulfate-reducing  bacteria. 
The  Fibrobacter  spp.  probes  were  fabricated  for  establishing  the  resolving  power 
(e.g.  species  vs.  subspecies  discrimination)  of  whole-cell  hybridization. 

Single  mismatch  discrimination  between  probe  and  target  sequence  for 
determinative  fluorescence  microscopy  was  demonstrated  for  certain  of  the  probes 
evaluated. 

Earlier  apparent  difficulties  with  fluorescent  probe  penetration  into 
established  biofilm  communities  have  been  resolved.  Individual  sulfate-reducing 
bacteria  have  now  been  visualized  within  intact  complex  blofilms  by  the  combined 
use  of  fluorescent-oligonucleotide  probing  and  fluorescence  microscopy  (Figure 
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1).  Preliminary  studies  with  the  confoeai  laser  scan  microscope  suggest  that 
this  system  could  offer  the  basis  for  reconstructing  the  three  dimensional 
structure  (organism  by  organism)  of  biofilm  communities. 

Group-specific  Amplification  and  Cloning.  The  polymerase  chain  reaction  has 
been  used  to  selectively  amplify  common  regions  of  the  16S  rRNA  from 
phylogenetically-def ined  assemblages  of  organisms  for  cloning  and  sequencing. 

One  universal  PCR  primer  set  (for  amplifying  a  common  region  of  the  16S  rRNA 
from  any  organism)  and  two  group-specific  primer  sets  have  been  fabricated.  The 
group-specific  primer  sets  selectively  amplify  either  sulfate-reducing  bacteria 
or  archaebacteria . 

The  SRB-specific  primers  have  so  far  identified  two  species  of  sulfate-reducing 
bacteria  in  our  sulfidogenic  bioreactors.  Comparision  of  the  cloned  sequences 
to  our  reference  collection  has  shown  one  clone  to  be  closely  related  to 
Desulfovibrio  vulgaris  (ca  95*  similarity)  and  the  other  to  Desulfuromonas 
acetoxidans  (ca  95*  similarity).  These  relationships  are  close  enough  to  infer 
the  basic  physiology  of  these  organisms,  although  neither  have  been  previously 
described  in  pure  culture.  Analysis  of  the  universal  primer  set  derived  clones 
is  in  progress  (ten  unique  clones  have  so  far  been  sequenced). 

Nucleotide  sequence  determinations  of  five  additional  strains  of  caulobacter  are 
in  progress  (ten  total).  The  caulobacter  characterizations  are  part  of  a 
collaborative  research  project  with  ONR  investigator  John  Smit  assessing  the 
natural  diversity  among  freshwater  and  marine  varieties  of  these  sessile 
bacteria  and  has  shown  them  to  be  a  genetically  diverse,  yet  phylogenetically 
coherent,  assemblage.  The  sequence  information  will  be  used  as  the  basis  for 
developing  group-  and  species-specific  oligonucleotide  probes  for  hybridization 
studies  of  natural  biofilms. 


Flow  cytometry.  Work  recently  completed  in  association  with  investigators  at 
The  Massachusetts  Institute  of  Technology  (B.  Binder  and  S.W.  Chisholm)  and 
Woods  Hole  Oceanographic  Institution  (R.  Olson)  has  demonstrated  the  feasibility 
of  using  fluorescent  oligonucleotide  probing  to  specifically  tag  cells  for 
enumeration  by  flow  cytometry.  Further  development  of  the  technique  should 
permit  the  rapid  assessment  of  group  or  species  composition  of  planktonic 
communities . 


ACCOMPLISHMENTS :  Demonstration  of  specific  labeling  and  microscopic 
identification  of  individual  sulfate-reducing  bacteria  within  intact  complex 
biofilms.  Development  of  group-specific  amplification,  cloning  and  sequencing 
protocols  for  selective  recovery  of  sulfate-reducing  bacteria  rRNA  sequences  and 
other  defined  phylogenetic  assemblages  from  biofilm  microorganisms. 

Demonstration  of  the  use  of  the  probing  methodology  for  the  identification  and 
enumeration  of  selected  bacteria  by  flow  cytometry. 


REFERENCES;  none 


WORKPLAN  (Year  3):  The  third  year  will  continue  essentially  as  outlined  in  the 
original  proposal.  Community  structure  of  the  methanogenic  and  sulfidogenic 


bioreactor  systems  will  continue  to  be  evaluated  by  comparative  sequence 
analysis  and  DMA  probing.  The  reactors  will  then  be  perturbed  by  altering  the 
availability  of  sulfate  (by  addition  of  sulfate  to  the  methanogenic  reactor  and 
removal  of  sulfate  from  the  sulfidogenic  reactor).  Community  response  to 
changing  sulfate  concentration  will  be  measured  by  DNA  probing.  Change  in  the 
spatial  distribution  of  specific  biofilm  organisms  will  be  evaluated  by 
fluorescent-oligonucleotide  probing  in  combination  with  fluorescence  microscopy 
Specific  associations  (symbioses)  suggested  by  concerted  population  shifts  (as 
determined  by  DNA  probing)  will  be  microscopically  characterized  by  the  use  of 
species-specific  fluorescent  probes.  A  graduate  student  from  environmental 
engineering  will  evaluate  the  feasibility  of  developing  mathematical  models  for 
predicting  the  function  and  community  composition  of  these  bioreactor  systems. 
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Book  Chapters 
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Submitted  or  In  Press  Chapters 
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Amann,  R.I.,  B.  Binder.  S.W.  Chisholm,  R.  Olson,  and  D.A.  Stahl.  Combined  use 
of  phy logenet.ical ly-based  fluorescent  hybridization  probes  and  flow  cytometry. 

Two  additional  papers  are  in  preparation  describing  the  selective  recovery  of 
sulfate-reducing  bacterial  16S  rRNA  from  natural  biofilms  and  the  microscopic 
identification  of  individual  species  within  intact  biofilms  by  fluorescent  DNA 
probing  are  in  preparation. 
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Figure  1,  Phase  contrast  (A)  and  fluorescence  micrographs  (B)  of  a  five  day-old 
biofilm  from  a  sulfidogenic  fixed-bed  bioreactor.  The  biofilm  was  allowed  to 
develop  for  five  days  on  a  glass  coverslip  placed  at  the  top  of  the  reactor. 

The  coverslip  was  removed,  fixed  with  formaldehyde  and  hybridized  with  the 
SRB-specific  rhodamine-conjugated  oligonucleotide.  Two  distinct  morphological 
types  are  apparent  in  the  fluorescence  micrograph:  1)  large  vibrios, 
presumptively  identified  as  Desulfovibrio  vulgar is-1 ike  organisms  and  2)  small 
rods,  presumptively  identified  as  Desulf uromonas  ace toxi dans -1  ike  organisms. 
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